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Prebiotics, Probiotics, Postbiotics = Functional foods
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2017 Prebiotic:
a substrate that is selectively used by
microorganisms and confers a health
benefit on the host

2022 Ppostbiotic:

Preparation of inanimate microorganisms
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Market size of prebiotics

CAGR 14.9% Global Preblotics Market
from 2022 to "
2030

https://www.grandviewresear
ch.com/industry-
analysis/prebiotics-
market/preview




The 3 R’s of Animal Research

Reduce

Replace

The role of in vitro gut models

To study the effect of foods on the gut microbiota, there are three
approaches, which can also be complementary or substitutes
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The evolution of in vitro gut models to study functionalities of foods

different models for different applications

SINGLE BATCH Reading model SHIME ProDigest PolyFermS with mock
(Gibson et al. 1988) (Van den Abbeele et al., community
[ 4 22 ) 2010) ... (Zihler Berner et al. 2013)
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Experimental implementation of MICODE “‘:S fCODT)

to study the impact of foods or food supplements on gut microbiota

REFORMULATION  |Byproducts| | Spirulin- || nQ free Frying [ £unctional
AND COOKING enriched || enriched salami Vs GF breads
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Milk
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focus of this research

SEEDS * Gluten free
* Omega3/Omegab =2
from * Richin proteins, AAs
Hemp * Richin fibers, minerals
* 5 Billion market size
\ . il
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' Prebiotic potentlal of foods

20% of wastes from
whole seed
decortication

sclentlf' ic reports

Benef‘ C|al metabollc transformatlons and prebiotic

FOOD SUPPLEMENT | potential of hemp bran and its alcalase hydrolysate,

after colonic fermentation in a gut model

leports 13, Article number: 1552 (2023) ite this article
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Materials and methods

HBPA =
alcalase treated HB
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Results*

1) METABOLOMICS (SPME GCMS, ANOVA & Multivariate)
presented as boxplots, PCA & MANOVA

2) MICROBIOMICS (16S MiSeq, gPCR, ANOVA+)

presented as biodiversities, metataxonomy & Log,(F/C)

3) INTEROMICS (Spearman, Clusters)

presented as two-way heatmap with dendrograms

*Based on
https://doi.org/10.1186/1471-2180-11-219

https://doi.org/10.3390/microorganisms8060792
https://doi.org/10.1016/j.foodres.2020.109029
https://doi.org/10.3390/nu9060533

https://doi.org/10.1186/s13059-014-0550-8

https://doi.org/10.1038/s41598-020-76603-3




METABOLOMICS: Production of beneficial VOCs

1.0 / . °

»

[0 Acetic acid

*  Mucosal homeostasis
* Energetic metabolism
* Postbiotic substrates
* Anti-inflammatory
* Anti-oxidants
* GALT inducers

SPME GC/WNS

Semi quantified with internal standard 4-methyl. 2-pentanol
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VOCs mg'kg + S.D. p value’
Acetic acid traces™ 0.0010
Propanoic acid 0.012+£0.015 0.0467
Butanoic acid 0.101 = 0.086 0.0424
Pentanoic acid traces 0.0153
Hexanoic acid traces 0.0179

*traces < 0.01 mg/kg; **Phenol, 2,4-bis(1,1-dimethylethyl)-; (LOQ = 0.03 mg’kg and
LOD =0.01 mg’kg); ' p value of ANOVA from a dataset including all cases and time
points.

To a lesser extent than FOS,
HPBA is capable of increasing
the abundance of the three
SCFAs and two MCFAs. Notably,
HPBA is capable of producing
about twice as much hexanoic
acid as FOS



METABOLOMICS: Modulation of negative VOCs

VOCs mg/kg + S.D. p value’
Indole 79551388 <0.0001
Phenol 0.177 £ 0.051 <0.0001
* P Phenol, 4-methyl- 15.022 £9.808 0.0141
1 . O o . Benzaldehyde 0.717=0.415 0.0013
2.4-(DTBP)** 1.826 = 0.624 0.0074
> °
@ *traces < 0.01 mg/kg; **Phenol, 2.4-bis(1,1-dimethylethyl)-: (LOQ = 0.03 mg/kg and

€ LOD = 0.01 mg/kg); * p value of ANOVA from a dataset including all cases and time
points.
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METABOLOMICS: Volatilome reconstruction &

Volatilome = VOCs complex of an ecosystem

A e 1 -Propanol
A 3-Buten:4-ol, 3-methyl-
HBPA 24 h FOS 18 h 1,8-Merithadien-4-ol | Ethanol, 2 ethylthio)—
" HBPA 24 h_2 . Ecsiyptsi gl R
W 4-Ti |Euca ypto utano
HB24 h igi;:: 2 - nBe:ta linalool 1-Propanol, 2- -methyl-
- . HB 24 h_2 - 3-Heptanol 5 Nonen-t-ol, (E)- " “e;‘_a,;':;taz,;f,‘,"y" 8
) quneol Phenylethyl Alcohol 1-Octanol ' | &
o FOS 18 h_2 - . Ethyl Alcohol| 1 - ien-4-
g Wafenz | - FOSTEh 2’”“3"°5B?.:;':3.‘V4m oo anemneotol g 1,8-Menthadien-4-ol
& HBPA 18 h_2 an : =] 22 .
e Blank 6 h 7 o~
-l HBPA 18h- HBglgn a18 h_ FOS 6 h_2 { 1-Propanol, 3-(methylt i0)*1-Hexanol i s cumanI
3 °HB 18 \ F |8 .
\ 1-Pentanol
£ HBPA ﬁ; i ;(?}S &h \.\ entanol /| & 4-Terpineol
HBPA 6 h 4h \ /
BTank 24h_2 X\, P d Eucalyptol
I
BL_2 "
BL - N // Borneol >
| .
i
Factor 1: 40.99% Factor 1 : 40.99%
Blank6h.2 | | -Li
L Blank 18 h 72,4-Triazol -4-am|ne Nx(z\-at\llienylmethyl)- D leonene
Blank 6 h : Pyridine, 2,4,6-trimethyl- .
Blank 18 h_2 Dimethy trisulfitle ) Ca ryophlllene
HBPA 24 h T Disyifide, dimethyl-pyrazine 2-Acetyltﬁi{zole
HB 24 h " Tetradecane pyrazine, methyl- 7-Tetradecene (2)
N Hazan 2 Tet/acosane Benzeneamine N-et;\t I- N
© | HBPA24h 2  oepo | 1-Decene e (el b
P - - 7,+Tetradecene 2)- L] e
n HB 18 h HB 6 h Blank 24 h_2 {Methanethiol b
N [HBPAT8Sh HET8h 27~ FOS6h D- Limg{\g&%ne Pl e
= N . Anili s
S| HBPA18h_2 ppash resmis 3-Dodecene, (E)- e y | .8
& FOS 24 h \Dlme:‘hlglfl sulfide / E
HBPA 6 h_2 ryophillene /
= Fos 18 h . . ] . . .
BL FOS18h2 Higioocans Ethykacetate / Discrimination time- and Renown
FOS24h_ 2 ) o . .
BL_2 \\\ Butanamide, 3,3:9m/Ethyl- Sample_dependent Bloa ctlves
N L

Factor 1: 40.15% Factor 1 : 40.15%



Alpha-diversity

Alpha-diversity

Beta-diversity

Chao1 Index

MICROBIOMICS: Biodiversities
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1)

2)

3)
4)

MICROBIOMICS: Shifts in the abundance of beneficial taxa

?,

Q
Log,(F/C) 9
Taxon % relative abundance changes P value
Baseline Mean FOS 24 h HB 24 h BC 24 h
Beneficials and commensals
Bifidobacterium;s__adolescentis 4414 +1.743° N ™1 ™ J 0.03883
Bifidobacterium;s__bifidum 0.974 + 0.177° 4 i ™ T J 0.00132
0.115 + 0.009° ™ ™ T N
0.713 + 0.086° 4N ™ T Y4
| 0393:0003° [P M T
3.583 + 0.301° ™ ™ T Yl
Enterococcus;s__durans 0.400 + 0.670° ™1 4 It It It A g A A A RN PN PN 0.00305
Enterococcus;s__faecalis 0.005 + 0.007° it et N MR R 2 TP 1 0.00001
Lactobacillus;s__mucosae 0.003 + 0.002° M ot e Rt i M —_ 0.0001
Lactobacillus;s__plantarum 0.001 + 0.000° o 0t ot et M e A Nt e TP |— 0.00001
Faecalibacterium;s__prausnitzii 1.734 +0.770° T T™ ™ NP PP 0.01857
[Akkermansiais_muciniphia | o0%03:01222 |1 0 0 Yy [[000860

.

The major changes observed with HPBA are the increase in "probiotics" Bifidobacteriaceae and Lactobacillales,
beneficial taxa such as Faecalibacterium and Akkermansia, and fibrolytic taxa such as Bacteroides
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MICROBIOMICS: Shifts in the abundance of opportunistic taxa

\9@9
Taxon % relative abundance Log(FIC) P value
changes
Baseline Mean FOS 24 h HB 24 h BC 24 h
Opportunistic taxa : “ 53
: Bilophila;s__wadsworthia 0.149 + 0.019° NP PP Jr NP ™1 0.00006
Citrobacter;s_freundii 0.051 + 0.030 J | A 1 0.05761
Escherichia;s__albertii 0.064 + 0.042" NA N J MM 0.00202
Desulfovibrio;s__ 0.395 +0.117° NP NP NP — 0.04574
f Blautia;s__ 6.422 +1.734 NP PPN NP PP NP PP J 0.05643
| Blautia;s__obeum 0.977 + 0.205 NP PPN )\1, NP P NP PN P J 0.02086
Ruminococcus;s__gnavus 2.203 +0.720 NP NP NP — 0.04652
Collinsella;s__aerofaciens 2389 £0.747 NP Jr 4 NP T 0.04331
Eggerthella;s__lenta 0.053 £ 0.015 NP )\1,\[,\1, NP T™ 0.04445
1.941 + 0.595 ™M — ™M J

The major changes observed with HPBA are the reduction of opportunistic and pathobiont taxa of the

sulfate-producing Enterobacteriaceae, Clostridiaceae, and Collinsella spp.



INTEROMICS: prebiotic potential

HBPA correlations bacteria/metabolites

Prebiotic Index
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In the HBPA dataset, cluster 3 contains the variables
describing the prebiotic potential of HPBA: MCFAs,
terpenes, B. bifidum, F. prausnitzii and Sutterella




Take home messages
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[ HBPA exerts functionalities towards the gut microbiota of healthy humans ]
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I) More production of SCFAs & MCFAs

The 3 R’s of Animal Research . .
Il) Reduction of phenols & indoles

Replace

Ill) Release of bioactives

TS IV) Increased abundance of beneficial taxa

V) Reduced abundance of opportunistic taxa

______

" This study structs to
the principles of

PRECISION NUTRITION
and can be re-arranged
for studies of

e VI) Retention of Eubiosis

Valorization of
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VIl) Prebiotic signature ;
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L postbiotic HBPA will soon be tested on cell line models }
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This study save
the life of at
least 30 mice!

Postbiotic = preparation of inanimate microorganisms and/or
their components that confers a health benefit on the host :
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This study serves as a \
pre-clinical basis and
can be validated by
in vivo trials
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